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Sir: 



PRELIMINARY AMENDMENT 
Before beginning examination of the above-identified application on its merits, please 



amend the application as follows: 



IN THE CLAIMS 



Please add the following claims: 



45. (New) A method, comprising: 

providing a composition comprising apatite particles having a dimension of less 

than about 1 ^m and a surface area of at least about 40 m /g: and 

sintering the composition to form a densified apatite structure having an average 

XRD crystal size of less than about 250 nm, a density of at least about 98%, and a 
compressive strength of at least about 500 MPa, wherein the densified apatite structure 
undergoes apatite phase decomposition of less than about 10% when exposed to 
conditions of at least about 1300 ^C for at least about 2 hours. 

46. (New) The method of claim 45, wherein the particles have a dimension of less than 
about 500 nm. 

47. (New) The method of claim 46. wherein the particles have a dimension of less than 
about 250 nm. 



587627.1 
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48, 


rNew) The method of claim 45. wherein the average XRD crystal size is less than about 




150 mn. 


49. 


(Nqw) The method of claim 48. wherein the average XRD crystal size is less than about 




100 nm. 


50. 


flSf ew) The method of claim 49, wherein the average XRD crystal size is less than about 




50 nm. 


5L 


fNew") The method of claim 50. wherein the average XRD crystal size is less than about 




30 nm. 


57. 


(New) The method of claim 5 1 . wherein the average XRD crystal size is less than about 



> 20 nm. 

* t H**n» — 
* 
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U 53. CNcvA The method of claim 45, wherein the average compressive strength is at least 
U about 700 MPa. 

! '. 
ess 

54. (Nqv/^ The method of claim 45. wherein the phase decomposition is less than about 5%. 

55. (New") The method of claim 54. wherein the phase decomposition is less than about 3%. 

56. (New^ The method of claim 45, wherein the densified apatite structure has a porosity of 
at least about 20%. 

57. flsfew) The method of claim 56. wherein the densified apatite structure has a porosity of 
at least about 30%. 

58. (New) The method of claim 57. wherein the densified apatite structure has a porosity of 
at least about 50%. 
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59. fNew) The method of claim 58. wherein the densified apatite structure has a porosity of 
at least about 70%. 



60, (N&w) The method of claim 45. wherein the apatite particles have a crystal size of less 

ft 

than about 1 um. 



61 . (New) The method of claim 60. wherein the apatite particles have a surface area of at 
least about 60 m /g. 



62. (New) The method of claim 6L wherein the apatite particles have a surface area of at 
least about 100 m^/g. 



63 . (New) The method of claim 62, wherein the apatite particles have a surface area of at 
least about 150 m^/g. 



64. (New) The method of claim 45, wherein the densified apatite structure is a prosthesis. 



65. (New) The method of claim 45. wherein the densified apatite structure is at least part of a 
prosthesis. 



66. (New) The method of claim 45. wherein the densified apatite structure comprises an 
exterior coating on a prosthesis. 



67. (New) The method of claim 66. wherein the coating has a thickness of at least about 0.5 



68. (New) The method of claim 45. wherein the densified apatite structure comprises an 
auxiliary structural additive. 
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69. 


fNew) A method as in claim oo, wnerem tne auxiliarv structural aaciitive comprises a 




ceramic additive. 


70. 


(New) A method as m claim oo, wtierein tne auxiliary structural aaaitive comprises a 




metal oxide. 


/I. 
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consisting of zirconia. titania, alumina, and alloys thereof. 


77. 


flSfew") A method as in claim 68, wherein the auxiliary structural additive is a metal or 



alloy. 

73. flSfew^ A method as in claim 72, wherein the auxiliary structural additive is selected from 
the group consisting of Ti. AL Ni. W, Fe. Mo, Co. Zr, V. and other structural metals and 
alloys thereof. 

74. (New^^ A method as in claim 68. wherein the auxiliary structural additive is 

nanocrvstalline. 

75. (New^ A method as in claim 68, wherein the auxiliary structural additive is added in an 
amount of between about 1% and about 50% by volume. 

76. (New^ A method as in claim 68, wherein the structural ceramic additive is added in an 
amount of from about 15% to about 35% by volume. 

77. (New) The method of claim 45, wherein the densified apatite structure comprises 
zirconia. 



78. (New) The method of claim 45, wherein the densified apatite structure comprises 
carbonated apatite. 
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79. flSfew^ The method of claim 45, wherein the step of providing a composition comprises 
the step of precipitating the composition from a solution. 

80. (Isfew^ A method as in claim 79, wherein the step of precipitation comprises adding a 
calcium salt to a phosphate source. 

8 1 . (New^ A method as in claim 79. wherein the solution comprises a calcium salt at a 
concentration of less than about 1 M. 

82. (New) A method as in claim 8 1 , wherein the solution comprises a calcium salt at a 
concentration of less than about 0.5 M. 

U 83. (NqvA a method as in claim 79. wherein the solution comprises a calcium salt at a 
P concentration of between about 0.16 M and about 2.1 M. 

84. (New^ A method as in claim 83. wherein the solution comprises a calcium salt at a 
1==^ concentration of between about 0.16 M and about 0.21 M. 

« * mMW 

I'":' 85. (New^ A method as in claim 79, wherein the solution comprises a calcium salt and a 

I* 

■ 

H' phosphate source in a molar ratio of about 10:6. 

<'E I 

t (MM 

86. (New^ A method as in claim 79. wherein the step of precipitating comp rises mixing a 
calcium source and a phosphate source. 

87. fNew) A method as in claim 86, wherein the step of precipitating comprises adding a 
calcium source to a phosphate source at a rate of less than about 0.010 mol of calcium 
source per minute. 

88. (New) A method as in claim 87. wherein the adding rate is less than about 0.007 mol 
calcium source per minute. 



4 
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89. (Nqw) a method as in claim 88. wherein the adding rate is less than about 0.005 mol 
calcium source per minute. 

90. (New") A method as in claim 86, wherein the calcium source comprises CaNQ^ . 

91. (New'^ A method as in claim 86. wherein the phosphate source comprises (NH£)2.HP04 . 

92. flSfew"! A method as in claim 79. wherein the solution has a pH of between about 7 and 
about 14. 

93 . (New^ A method as in claim 92. wherein the solution has a pH of between about 1 1 and 
about 13. 

Q 94. n^ew'^ A method as in claim 45. further comprising the step of aging the composition at 

PMI4. ^ 
f 

a temperature of between about -25 ""C and about 100 ^C. 

»! muS\ 
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I » ti 

fa rVjM 

95. (New) A method as in claim 94. wherein the temperature is between about 1 0 ""C and 

n. about 50 °C. 

■ I IKMl' 
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r 

U 96. (Nqw) a method as in claim 95. wherein the temperature is about 20 "^C. 

' t " mt 
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97. flSfew) A method as in claim 45 > further comprising the step of aging the composition for 
at least about 1 minute. 

98. (New) A method as in claim 45. further comprising the step of calcining the composition 
at a temperature of less than about 1000 °C. 

99. flSIew) A method as in claim 45. further comprising the step of allowing phase 
decomposition of less than about 10% in the densified apatite structure. 



1 00. flSlew^ A method as in claim 99. wherein the phase decomposition is less than about 5%. 
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101. 


(New) A method as in claim 1 00, wherein the phase decomposition is less than about 
3%. 




102. 


(New') A method as in claim 45. wherein the sintering step occurs in the absence of 
sinterine aids. 




101 


flSfew) The method of claim 45. wherein the sinterine step is pressureless sinterine. 




104. 


flSfew) The method of claim 45. wherein the sintering step is pressure-assisted sintering. 




105. 


rNew) The method of claim 45. wherein the densified apatite structure is homogeneous. 


1 ^ 
1 
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106. 


nSfew') A method as in claim 45. wherein the sinterine step occurs at a temperature of 
less than about 1200 °C for a period of time of at least about 2 hours. 
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107. 


(New) A method as in claim 106. wherein the sintering step occurs at a temperature of 
less than about 1 100 °C. 
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108. 


(New) A method as in claim 1 06. wherein the sintering step occurs at a temperature of 
less than about 1000 °C. 




109. 


(New) A method as in claim 1 07. wherein the sintering steo occurs at a temperature of 
less than about 900 °C. 




110. 


(New) The method of claim 60. wherein the apatite particles have a crystal size of less 
than about 500 rma. 




111. 


(New) The method of claim 110. wherein the apatite particles have a crystal size of less 



than about 250 nm. 
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1 12. (NeW) An article, comprising: 

a densified apatite structure having a dimension of at least about 0,5 cm and a 

compressive strength of at least about 500 MPa which undergoes apatite phase 
decomposition of less than about 10% when exposed to conditions of at least about 1300 
for at least about 2 hours. 



113. (New") The article of claim 112, wherein the densified apatite structure has an average 
crystal size of less than about 250 nm. 



114. (New) The article of claim 113, wherein the average crystal size is less than about 150 
nm. 



115. (New) The article of claim 1 14, wherein the average crystal size is less than about 100 
nm. 



116. flSfew) The article of claim 115, wherein the average crystal size is less than about 50 
nm. 



1 17. flSfew) The article of claim 116, wherein the average crystal size is less than about 30 



i:^ nm. 



118. (New) The article of claim 117, wherein the average crystal size is less than about 20 
nm. 



119. (New) The article of claim 112, wherein the average compressive strength is at least 
about 700 MPa. 



120. (New) The article of claim 112, wherein the phase decomposition is less than about 5%. 



121. (New) The article of claim 120, wherein the phase decomposition is less than about 3%. 
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122. rNew^l The article of claim 1 12, wherein the densified apatite structure has a porosity of 
at least about 20%. 



1 23 . (NqW) The article of claim 1 22, wherein the densified apatite structure has a porosity of 
at least about 30%. 



124. (New) The article of claim 123, wherein the densified apatite structure has a porosity of 
at least about 50%, 



125. flSFew) The article of claim 124. wherein the densified apatite structure has a porosity of 
at least about 70%. 



126. (New) The article of claim 1 12, wherein the densified apatite structure is a prosthesis. 

1 27. (New) The article of claim 112. wherein the densified apatite structure is at least part of a 
prosthesis. 

128. (New) The article of claim 1 12. wherein the densified apatite structure comprises an 
exterior coating on a prosthesis. 



129. (New) The article of claim 128, wherein the coating has a thickness of at least about 0.5 
[im. 



130. (New) The article of claim 112, wherein the densified apatite structure comprises an 
auxiliary structural additive. 



131. (New) A article as in claim 130, wherein the auxiliary structural additive comprises a 
ceranaic additive. 



132. (New) A article as in claim 130, wherein the auxiliary structural additive comprises a 
metal oxide. 
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133. nsiew^ A article as in claim 132, wherein the metal oxide is selected f rom the group 
consisting of zirconia, titania. alumina, and alloys thereof 

134. (New^ A article as in claim 130, wherein the auxiliary structural additive is a metal or 
alloy. 

135. (New^ A article as in claim 134, wherein the auxiliary structural additive is selected from 
the group consisting of Ti, AL Ni, W, Fe. Mo, Co, Zn V and other structural metals and 
alloys thereof. 

136. rNew^ A article as in claim 130, wherein the auxiliary structural additive is 
nanocrvstalline. 

137. flSfewl A article as in claim 130, wherein the auxiliary structural additive is added in an 
amount of between about 1% and about 50% by volume. 

138. fNew^ A article as in claim 130, wherein the structural ceramic additive is added in an 
amount of from about 15% to about 35% bv volume. 

139. rNew^ The article of claim 1 12. wherein the densified apatite structure comprises 
zirconia. 

140. (NevA The article of claim 1 12, wherein the densified ap atite structure comprises 
carbonated apatite. 

141. (New^ The article of claim 1 12, wherein the densified apatite structure is form ed from 
a patite particles having a dimension of less than ab out 1 um, 

1 42 . (NqW) The article of claim 1 4 L wherein the apatite particles have a dimension of less 
than about 500 nm. 
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1 43. (NtW) The article of claim 142, wherein the apatite particles have a dimension of less 
than about 250 nm. 

144. (Newl The article of claim 112. wherein the density of the densified apatite structure is 
greater than about 90%. 

145. flSIew) The article of claim 144, wherein the density is greater than about 95%, 

146. rNew^ The article of claim 145, wherein the density is greater than about 98%. 

147. fNew) The article of claim 112. wherein the densified apatite structure is formed from 
particulate apatite haying a surface area of at least about 40 m^g. 

148. flSJew) The article of claim 147, wherein the surface area is at least about 60 m^/g, 

149. (New) The article of claim 148, wherein the surface area is at least about 100 mVg. 

150. (New) The article of claim 149. wherein the surface area is at least about 150 m^/g. 

151. fNFew) An article, comprising: 

a prosthesis having a dimension of at least about 0.5 cm, the prosthesis 

comprising apatite having an average XRD crystal size of less than about 250 nm which 
undergoes phase decomposition of less than about 1 0% when exposed to conditions of at 
least about 1300 for at least about 2 hours. 

1 52. (Now) The article of claim 151. wherein the prosthesis has a compressive strength of at 
least about 150 MPa. 

1 53. (New) The article of claim 151, wherein the prosthesis has a density of at least about 
90%. 



Serial No. Not Yet Assigned 



12 



Attorney Docket No. M0925/71 10 



154. (New^ The article of claim 151. wherein the prosthesis has a porosity of at least about 
20%. 



155. (New) An article, comprising: 

a prosthesis having a dimension of at least about 0,5 cm and a density of at least 

about 98%. the prosthesis comprising apatite which undergoes phase decomposition of 
less than about 10% when exposed to conditions of at least about 1300 °C for at least 
about 2 hours. 

156. rNew^ The article of claim 155, wherein the prosthesis has a compressive strength of at 
least about 1 50 MPa. 

157. fiSiew^ The article of claim 155, wherein the prosthesis has an average XRD crystal size 
of less than about 250 nm. 

1 58. rNew^ The article of claim 1 55, wherein the prosthesis has a porosity of at least about 
20%. 



159. (New) A method comprising: 

precipitating apatite from a solution as an apatite precipitate, the apatite 

precipitate having an average dimension of less than about 1 \im: and 

densifying the apatite precipitate into a densified apatite structure having a crystal 

size of less than about 250 nm and a density of at least about 98%. 

1 60. (New) A method as in claim 159, wherein the step of precipitating comprises mixing a 
calcium source and a phosphate source. 

161. (New) A method as in claim 159, further comprising the step of calcining the 
composition at a temperature of less than about 1000 °C. 
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162. (New) A method as in claim 159, further comprising the step of allowing phase 

decomposition of less than about 10% in the densified apatite structure. 

163. fl^ew) A method as in claim 159. wherein the sintering step occurs at a temperature of 
less than about 1200 for a period of time of at least about 2 hours. 

164. (New) An article, comprising: 

an apatite structure having a dimension of at least about 0.5 cm, a density of at 

least about 98%, and an average XRD crystal size of less than about 250 nm which 
undergoes apatite phase decomposition of less than about 1 0% when exposed to 
conditions of at least about 1300 °C for at least about 2 hours. 

165. (New) The article of claim 164, wherein the apatite structure has a compressive strength 
of at least about 150 MPa. 

166. (New) The article of claim 164, wherein the apatite structure has a porosity of at least 
about 20%. 

167. (New) An article, comprising: 

a prosthesis having a dimension of at least about 0.5 cm and a density of at least 

about 98%, the prosthesis comprising apatite having an average XRD crystal size of less 
than about 250 nm. 

168. (New) The article of claim 167, wherein the prosthesis has a compressive strength of at 
least about 150 MPa. 



169. (New) The article of claim 167, wherein the prosthesis undergoes phase decomposition 
of less than about 10% when exposed to conditions of at least about 1000 T for at least 



about 2 hours 
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1 70. (New) The article of claim 1 67. wherein the prosthesis has a porosity of at least about 
20%. 

171. (New) A method comprising: 

providing a composition comprising an apatite: and 

sintering the composition to form a densified apatite structure having a 

compressive strength of at least about 500 MPa, a density of at least about 98%. and an 
average XRD crystal size of less than about 250 nm. wherein the densified apatite 
structure undergoes apatite phase decomposition of less than about 10% when exposed to 
conditions of at least about 1300 for at least about 2 hours. 

172. flSfew) The method of claim 171. wherein the step of providing a composition comprises 
the step of precipitating the composition from a solution. 

1 73. (New) A method as in claim 172. wherein the step of precipitating comprises mixing a 
calcium source and a phosphate source. 

1 74. (New) A method as in claim 171. further comprising the step of calcining the 
composition at a temperature of less than about 1000 ^C. 

175. (New) A method as in claim 171. further comprising the step of allowing phase 
decomposition of less than about 1 0% in the densified apatite structure. 

176. (New) A method as in claim 171. wherein the sintering step occurs at a temperature of 
less than about 1200 for a period of time of at least about 2 hours. 

177. (New) A method, comprising: 

providing apatite particles having a dimension of less than about 1 fxm: and 

sintering the apatite particles at a temperature of less than about 1 100 to form a 

prosthesis having a dimension of at least about 0.5 cm and an average crystal size of less 
than about 250 nm. 
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178. (Nev/) The method of claim 177. wherein the step of providing apatite particles 
comprises the step of precipitating the apatite particles from a solution. 

1 79. (New) A method as in claim 178. wherein the step of precipitating comprises mixing a 
calcium source and a phosphate source. 

180. (New) A method as in claim 177, further comprising the step of calcining the apatite 
particles at a temperature of less than about 1000 "^C. 

181. (New) A method as in claim 1 77, further comprising the step of allowing phase 
decomposition of less than about 10% in the prosthesis. 

I, ^ 

Q 182, (New) A method as in claim 177, wherein the sintering step occurs at a temperature of 
% less than about 1200 for a period of time of at least about 2 hours. 

4 \l 

183. (New) A method, comprising: 

providing apatite particles having a dimension of less than about 1 |im: and 

I: 

M sintering the apatite particles at a temperature of less than about 1 100 to form a 

^ densified apatite structure having a density of at least about 98% and a grain size of less 

than about 250 nm. 

184. (New) The method of claim 1 83. wherein the step of providing apatite particles 
comprises the step of precipitating the apatite particles from a solution. 

1 85. (New) A method as in claim 1 84. wherein the step of precipitating comprises mixing a 
calcium source and a phosphate source. 



186. (New) A method as in claim 183, further comprising the step of calcining the apatite 
particles at a temperature of less than about 1000 ^C. 
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1 87. (New") A method as in claim 1 83. further comprising the step of allowing phase 
decomposition of less than about 10% in the prosthesis. 

188. flSlew^ A method as in claim 1 83, wherein the sintering step occurs at a temperature of 
less than about 1200 for a period of time of at least about 2 hours. 

1 89. (New) The method of claim 1 83, wherein the apatite particles have a surface area of at 
least about 40 m /g. 

190. (New) The method of claim 183. wherein the apatite particles have a dimension of less 
than about 1 um. 

191. flSFew) An article, comprising: 

an apatite structure having a dimension of at least about 0.5 cm. a density of at 

least about 98%. and an average XRD crystal size of less than about 250 nm. 

192. (New) The article of claim 191. wherein the apatite structure has a compressive strength 
of at least about 150 MPa. 

193. (Now) The article of claim 191. wherein the apatite structure undergoes phase 
decomposition of less than about 10% when exposed to conditions of at least about 1300 

for at least about 2 hours. 

1 94. flSiew) The article of claim 191 . wherein the apatite structure has a porosity of at least 
about 20%. 

195. (New) An article, comprising: 

an apatite structure having a dimension of at least about 0.5 cm and an average 

XRD crystal size of less than about 250 irni. wherein the apatite structure undergoes 
phase decomposition of less than about 10% when exposed to conditions of at least about 
1300 °C for at least about 2 hours. 



Serial No. Not Yet Assigned 



17 



Attorney Docket No. M0925/7110 



196. (Nqw) The article of claim 195, wherein the apatite structure has a compressive strength 
of at least about 150 MPa. 

1 97. (New) The article of claim 1 95. wherein the apatite structure has a density of at least 
about 90%. 

1 98. (New) The article of claim 1 95. wherein the apatite structure has a porosity of at least 

about 20%. 

199. (TSfew^ An article, comprising: 

an apatite structure having a dimension of at least about 0.5 cm and a density of at 

least about 98%). wherein the apatite structure undergoes phase decomposition of less 
than about 10% when exposed to conditions of at least about 1300 for at least about 2 
hours. 

200. fNew) The article of claim 199. wherein the apatite structure has a compressive strength 
of at least about 150 MPa. 

201. (New) The article of claim 199. wherein the apatite structure has an average XRD crystal 
size of less than about 250 nm. 

202. (New) The article of claim 199. wherein the apatite structure has a porosity of at least 
about 20%. 

203. (TSfew) A method, comprising: 

providing apatite particles having a dimension of less than about 1 ^m and a 

surface area of at least about 40 m /g: and 

sintering the particles at a temperature of less than about 1 1 00 to produce a 

densified apatite structure having a density of at least about 98%. 
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204. (New) The method of claim 203, wherein the step of providing apatite particles 
comprises the step of precipitating apatite particles from a solution. 

205. (New^ A method as in claim 203. further comprising the step of calcining the apatite 
particles at a temperature of less than about 1000 ^C. 

206. fNew^ A method as in claim 203. further comprising the step of allowing phase 
decomposition of less than about 10% in the densified apatite structure. 

207. fNew) A method, comprising: 

providing a composition comprising an apatite; and 

sintering the composition at a temperature of less than about 1 100 °C to form a 

densified apatite structure having an average XRD crystal size of less than about 1 50 nm. 

208. (Nqw) The method of claim 207, wherein the step of providing apatite particles 
comprises the step of precipitating apatite particles from a solution. 

209. fNew^ A method as in claim 207. further comprising the step of calcining the apatite 
particles at a temperature of less than about 1000 ^C. 

210. (New^ A method as in claim 207. further comprising the step of allowing phase 
decomposition of less than about 10% in the densified apatite structure. 

211. rNew^ A method as in claim 207. wherein the average XRD crystal size is less than 
about 100 nm. 

212. (Newl The method of claim 211. wherein the average XRD crystal size is less than about 
50 nm. 

213. (TSfew^l The method of claim 21 1. wherein the average XRD crystal size is less than about 
30 nm. 
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214. (New") The method of claim 21 L wherein the average XRD crystal size is less than about 
20 nm. 

215. (New) The method of claim 207. wherein the sintering temperature is less than about 

1000 ^c. 

216. (New) The method of claim 215. wherein the sintering temperature is less than about 900 

217. (New") An article, comprising: 

an apatite structure having a compressive strength of at least about 500 MPa, 

wherein the apatite structure undergoes phase decomposition of less than about 1 0% 
when exposed to conditions of at least about 1300 for at least about 2 hours. 

218. (NqW) The article of claim 217, wherein the apatite structure has a dimension of at least 
about 0.5 cm. 

219. (New) The article of claim 217. wherein the apatite structure has an average XRD crystal 
size of less than about 250 nm. 

220. (New) The article of claim 217, wherein the apatite structure has a density of at least 
about 98%. 

221. (New') The article of claim 217, wherein the apatite structure has a porosity of at least 
about 20%. 

222. (New) An article as in claim 217, further comprising an auxiliary structural additive. 



223. (New) An article as in claim 222, wherein the auxiliary structural additive comprises a 
ceramic additive. 
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224. (NeW) An article as in claim 222, wherein the auxiliary structural additive comprises a 
metal oxide. 



225. (New") An article as in claim 224, wherein the metal oxide is selected from the group 
consisting of zirconia, titania, alumina, and alloys thereof. 



226. (New't An article as in claim 222. wherein the auxiliary structural additive is a metal or 
alloy. 



227. (NqW) An article as in claim 226, wherein the auxiliary structural additive is selected 

from the group consisting of Ti, Al Ni, W, Fe, Mo. Co, Zr, V, and other structural metals 
and alloys thereof. 



228. (NqW) An article as in claim 222. wherein the auxiliary structural additive is 
nanocrvstalline. 



229. flSfew^ An article as in claim 222. wherein the auxiliary structural additive is added in an 
amount of between about 1% and about 50% by volume. 



230. (Newl An article as in claim 222. wherein the structural ceramic additive is added in an 
amount of from about 15% to about 35% by volume. 



231. rNew^ A method, comprising: 

precipitating an apatite from a solution: and 

sintering the apatite to form an article having a density of at least 98%. an average 

crystal size of less than about 250 nm. and a compressive strength of at least about 150 
MPa. 



232. rNew^ The method of claim 23 1 . further comprising the step of removing the solvent 
from the precipitated apatite. 



! s 
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233. (New) The method of claim 236. wherein the average XRD crystal size is less than about 
30 nm. 



234. (NqW) The method of claim 23 L wherein the average XRD crystal size is less than about 
150 nm. 



235. (New) A method as in claim 234. wherein the average XRD crystal size is less than 
about 100 nm. 



236. nSfew) A method as in claim 235. wherein the average XRD crystal size is less than 
about 50 nm. 



237. (Nqw) a method as in claim 23 1 . wherein the precipitating step comprises adding a 
calcium salt to a phosphate source. 



238. (New) A method as in claim 23 1 . wherein the solution comprises a calcium salt at a 
concentration of less than about 1 M. 



239. (New) A method as in claim 238. wherein the solution comprises a calcium salt at a 
concentration of less than about 0.5 M. 



240. (New) A method as in claim 23 1 . wherein the solution comprises a calcium salt at a 
concentration of between about 0.16 M and about 2.1 M. 



241 , (New) A method as in claim 240. wherein the solution comprises a calcium salt at a 
concentration of between about 0.16 M and about 0.21 M. 



242. (New) A method as in claim 23 1. wherein the solution comprises a calcium salt and a 
phosphate source in a molar ratio of about 10:6. 
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243 . (New) A method as in claim 23 1 . wherein the precipitating step comprises mixing a 
calcium source and a phosphate source. 

244. flSfew) A method as in claim 23 1 . wherein the precipitating step comprises adding a 
calcium source to a phosphate source at a rate of less than about 0.010 mol of calcium 
source per minute. 

245. flSfewl A method as in claim 244, wherein the adding rate is less than about 0.007 mol 
calcium source per minute. 

246. CNfew) A method as in claim 245. wherein the adding rate is less than about 0.005 mol 
calcium source per minute. 

247. (New) A method as in claim 237. wherein the calcium source comprises CaNO^ . 

248. (New) A method as in claim 237. wherein the phosphate source comprises (NKU l^ HPO^ . 

249. (New) A method as in claim 23 1 . wherein the solution has a pH of between about 7 and 
about 14. 

250. (New) A method as in claim 249. wherein the solution has a pH of between about 1 1 and 
about 13, 

25 1 . (New) A method as in claim 23 1 . wherein the precipitated apatite has a crystal size of 
less than about 150 nm. 

252. (New) A method as in claim 25 1 . wherein the precipitated apatite has a crystal size of 
less than about 100 nm. 

253. (New) A method as in claim 252. wherein the precipitated apatite has a crystal size of 
less than about 50 nm. 
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254. (New' 



A method as in claim 253. wherein the precipitated apatite has a crystal size of 



less than about 20 nm. 



255. rNew^ A method as in claim 23 1 , wherein the precipita ted apatite has a surface area of at 
least about 40 m^g. 



256. n>Jew^ A method as in claim 255. wherein the precipitated apatit e has a surface area of at 
least about 60 mVg. 

257. (New^ A method as in claim 256. wherein the precip itated apatite has a surface area of at 
least about lOQm^/g. 

258. rNewl A method as in claim 257, wherein the precipitate d apatite has a surface area of at 
least about 150 m /g. 

259. (New^ A method as in claim 23 1 . further comprising the st ep of wet grinding the apatite 
precipitate to from an apatite product. 

260. Wew't A method as in claim 23 1 . further comprising the step of aging the precipitated 
apatite at a temperature of between about -25 °C and about 100 °C. 

26 1 . rNew'^ A method as in claim 260 wherein the temperature is betw een about 1 0 °C and 
about 50 °C. 



262. rNew't A method as in claim 261 wherein the temp erature is about 20 °C. 



263. nSfew') A method as in claim 23 1 . furtfier comprising ag ing the precipitated apatite for at 
least about 1 minute. 
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264. (Nqv/) a method as in claim 23 1 , further comprising calcining the precipitated apatite at 
a temperature of less than about 1000 ""C. 



265. (New) A method as in claim 23 1 . wherein the sintering step occurs at a temperature of 
no more than about 1 200 ""C for a period of time of no more than about 2 hours. 



266. (New^ A method as in claim 265. wherein the sintering step occurs at a temperature of 
no more than about 1100 T for a period of time of no more than about 2 hours. 



267. (NqW) a method as in claim 266. wherein the sintering step occurs at a temperature of 
no more than about 1000 for a period of time of no more than about 2 hours. 



268. (Nqw) a method as in claim 267, wherein the sintering step occurs at a temperature of 
no more than about 900 ""C for a period of time of no more than about 2 hours. 



269. (New) A method as in claim 23 1 . further comprising allowing phase decomposition of 
less than about 10% in the article. 



270. (Now) A method as in claim 269, wherein the phase decomposition is less than about 
5%. 



271 . (New) A method as in claim 270. wherein the phase decomposition is less than about 
3%. 



272. (New) A method as in claim 23 1 , wherein the sintering step occurs at a temperature of at 
least about 1000 ''C for a period of time of at least about 2 hours while allowing phase 
decomposition of less than about 10% in the article. 

273 . (N^W) A method as in claim 272. wherein the temperature is of at least about 1 100 ^C. 
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274. (New) A method as in claim 23 L wherein the sintering step ocx^xirs in the absence of 
sintering aids. 

275. flSfew) A method as in claim 23 1 . wherein the article has a dimension of at least about 
0.5 cm. 

276. (New) A method as in claim 23 L wherein the solution comprises, in suspension, an 
auxiliary structural additive. 

277. (New) The method of claim 276. wherein the article is a composite particulate apatite. 

278. (New) The method of claim 276. wherein the article comprises particulate auxiliary 
i:i structural additive. 

• H 

279. (New) A method as in claim 23 1 . wherein the precipitating step comprises essentially 
i O simultaneously co-precipitating the apatite and an auxiliary structural additive. 

I: IBS 

■L, 280. (New) A method as in claim 23 K further comprising, following precipitation of an 
M" auxiliary structural additive, precipitating the apatite from solution. 

I_ J! 

m (ml 

;:!=! 281. (New) A method, comprising: 

providing a composition comprising an apatite: and 

pressure-assisted sintering the composition at a temperature of less than about 

1 ICQ to produce a densified apatite structure with a density of greater than about 98%. 

282. (New) A method as in claim 28 1 . further comprising the step of calcining the 
composition at a temperature of less than about 1000 °C. 

283. (New) A method as in claim 281. further comprising the step of allowing phase 
decomposition of less than about 10% in the densified apatite structure. 
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284. (NevA The method of claim 28 1 , wherein the pressure-assisted sintering occurs at a 
temperature of less than about 1000 "^C. 

285. (New^ The method of claim 28 1 , wherein the composition is smtered form a densified 
apatite structure having a compressive strength of at least about 150 MPa. 

286. (NqW) The method of claim 28 L wherein the sintered composition undergoes apatite 
phase decomposition of less than about 10% when exposed to conditions of at least about 
1100 for at least about 2 hours. 



287. rNew) A method as in claim 281. wherein the sintering step comprises sintering the 
composition in the presence of an auxiliary structural additive. 

rsss 

t 

;* ""i 

P 288. (New^ A method, comprising: 

T providing apatite particles having a dimension of less than about 1 \xm and a 

i;g surface area of at least about 40 m /e: and 

« <■ 
I If 

'» 551!' 

M, sintering the apatite particles to form an apatite structure having a dimension of at 

i least about 0.5 cm. 

t;ss? 

I, J, 

i'"" 

I £ 

y.taa 

j,A 289. (New) The method of claim 288. wherein the sintering step comprises pressure-assisted 
;;r: sintering. 



290. (New^ The method of claim 288. wherein the sintering step comprises pressureless 
sintering. 



291 . (Now) The method of claim 288, wherein the sintering step occurs in the absence of anv 
sintering aids. 



292. rNew^ The method of claim 288, wherein the apatite structure is homogeneous 
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293. (New') The method of claim 288. wherein the apatite structure has a density of at least 
about 90%. 

294. (Newl A method as in claim 293. wherein the density is at least about 95%. 

ft 

295. (NqW) a method as in claim 294. wherein the density is at least about 98%. 

296. flSfew^ A method as in claim 288. wherein the sintering step occurs at a temperature of 
no more than about 1300 

297. fNewl A method as in claim 296. wherein the temperature is no more than about 1200 

298. (New") A method as in claim 297. wherein the temperature is no more than about 1 100 

299. flSFew^ A method as in claim 298. wherein the temperature is no more than about 1000 

300. (New) A method as in claim 299. wherein the temperature is no more than about 900 °C. 

301. (New) A method as in claim 288. wherein the apatite structure has undergone apatite 
decomposition of less than about 10%. 

302. (Now) A method as in claim 30L wherein the apatite structure has undergone apatite 
decomposition of less than about 5%. 

303. (Now) A method as in claim 302. wherein the apatite structure has undergone apatite 
decomposition of less than about 3%. 
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304. (New^ A method as in claim 288. wherein the sintering step comprises sintering the 
apatite particles in the presence of an auxiliary structural additive. 

305. (NqW) a method, comprising: 

providing apatite particles having a dimension of less than about 1 fim and a 

surface area of at least about 40 m^/g: and 

sintering the apatite particles to form a densified apatite structure having a 

compressive strength of at least about 150 MPa. 

206. (New^ A method as in claim 305, wherein the sintering step comprises sintering the 
apatite particles in the presence of an auxiUarv structural additive. 

307. (New^ The method of clahn 305. wherein the step of providing apat ite particles 
comprises the step of precipitating apatite particles from a solution. 

308. (New^ A method as in claim 307> wherein the step of precipitating comprises mixing a 
calcium source and a phosphate source. 

309. (NcW) A method as in claim 307. further comprising the step of calcining the 
composition at a temperature of less than about 1000 °C. 

3 1 0. (Newl A method as in claim 305, further comprising the step of allowing phase 
decomposition of less than about 10% in the densified apatite structure. 

311. (New^ A method as in claim 305, wherein the sintering step occurs at a temperature of 
less than about 1200 T for a period of time of at least about 2 hours. 



312. fNew^ A method, comprising: 

precipitating apatite from solution as an apatite precipitate: and 

densifying the apatite precipitate into a densified article having a porosity of at 



least about 20%. 
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313. rNew^ The method of claim 3 1 2, wherein the article has an average XRD crystal size of 
less than about 250 nm. 

3 14. fNew^ A method as in claim 312. wherein the step of precipitating comprises mixing a 
calcium source and a phosphate source. 

315. (New^ A method as in claim 312, further comprising the step of calcining the apatite 
precipitate at a temperature of less than about 1000 ^C. 

316. (New^ A method as in claim 312, further comprising the step of allowing phase 
decomposition of less than about 10% in the densified article, 

317. (New^ A method as in claim 312, wherein the sintering step occurs at a temperature of 
less than about 1200 for a period of time of at least about 2 hours. 

318. flSIew^ An article, comprising: 

an apatite structure having a density of at least about 98% and an average XRD 
crystal size of less than about 250 nm. 

319. (NqvA The article of claim 3 1 8, wherein the apatite structure has a compressive strength 
of at least about 150 MPa. 

320. rNew^ The article of claim 3 1 8, wherein the apatite structure un dergoes phase 
decomposition of less than about 10% when exposed to conditions of at least about 1300 

for at least about 2 hours. 

321 ■ (Nqw) The article of claim 3 1 8, wherein the crystal size is less than about 1 50 nm. 

322. (Now) A method, comprising: 

providing a composition comprising apatite; and 
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sintering the composition at a temperature of less than about 1 1 00 "^C to form a 

densified apatite structure having a density of at least 98%. 

323. (NqvA The method of claim 322. wherein the sintered composition has a compressive 
strength of at least about 150 MPa. 

324. (New") The method of claim 322. wherein the sintered composition undergoes apatite 
phase decomposition of less than about 10% when exposed to conditions of at least about 
1300 °C for at least about 2 hours. 

325. fNew") A method as in claim 322, further comprising the step of calcining the 
composition at a temperature of less than about 1000 ^C. 

326. flSIew) A method as in claim 322, further comprising the step of allowing phase 
decomposition of less than about 1 0% in the densified apatite structure. 

327. nSfew) The method of claim 322, wherein the sintered composition undergoes apatite 
phase decomposition of less than about 10% when exposed to conditions of at least about 
11 00 for at least about 2 hours. 

328. (New^ A method as in claim 322, wherein the sintering step comprises sintering the 
composition in the presence of an auxiliary structural additive. 

329. (New) A method, comprising: 

precipitating from a solution particulate apatite having a surface area of at least 

about 40 mVg and an average XRD crystal size of less than about 250 nm. 

330. (New) The method of claim 329, further comprising the step of removing the solvent 
from the particulate apatite. 
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331. (New") The method of claim 329. wherein the average XRD crystal size is less than about 
150 nm. 

332. (New) A method as in claim 33 L wherein the average XRD crystal size is less than 
about 1 00 nm. 

333. fNew^ A method as in claim 332, wherein the average XRD crystal size is less than 
about 50 nm> 

334. (New) A method as in claim 329> wherein the precipitating step comprises adding a 
calcium salt to a phosphate source. 

335. fNfew '^ A method as in claim 329> wherein the solution comprises a calcium salt at a 
□ concentration of less than about 1 M. 

ttSSS 

I 

« • NHi4 
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336. (New) A method as in claim 335, wherein the solution comprises a calciiim salt at a 

I i 

concentration of less than about 0.5 M. 

~i 

L «l 

:: 

H= 337. (New) A method as in claim 329. wherein the solution comprises a calcium salt at a 

:t ssi! 

|:^, concentration of between about 0.16 M and about 2.1 M. 

i. 

■ I MMI 

I S i 

338. (New) A method as in claim 337, wherein the solution comprises a calcium salt at a 
concentration of between about 0.16 M and about 0.21 M. 

339. (New) A method as in claim 329, wherein the solution comprises a calcium salt and a 
phosphate source in a molar ratio of about 10:6. 

340. (New) A method as in claim 329, wherein the precipitating step comprises mixing a 
calcium source and a phosphate source. 
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341 . (New> A method as in claim 329. wherein the precipitating step comprises adding a 
calcium source to a phosphate source at a rate of less than about 0.010 mol of calcium 
source per minute. 



342. (New") A method as in claim 34 L wherein the adding rate is less than about 0.007 mol 
calcium source per minute. 



343. (Nov/) A method as in claim 342, wherein the adding rate is less than about 0.005 mol 
calcium source per minute. 



344, (New") A method as in claim 334. wherein the calcium source comprises CaNO^ ^. 



345. (New) A method as in claim 334. wherein the phosphate source comprises (NIjU')2HP04 . 



346. flSfew") A method as in claim 329. wherein the solution has a pH of between about 7 and 
about 14. 



j:3 347. fNew) A method as in claim 346. wherein the solution has a pH of between about 1 1 and 

J* MV*^ 

I about 13. 



348. rNew^ A method as in claim 329. wherein the particulate apatite has an average XRD 
crystal size of less than about 150 nm. 



349. (New) A method as in claim 348. wherein the particulate apatite has an average XRD 
crystal size of less than about 100 nm. 



350. (New) A method as in claim 349. wherein the particulate apatite has an average XRD 
crystal size of less than about 50 nm. 



351. (New) A method as in claim 350. wherein the particulate apatite has an average XRD 
crystal size of less than about 20 nm. 
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352. (New) A method as in claim 329. wherein the particulate apatite has a surface area of at 
least about 60 xnVg. 

353. (N tw) A method as in claim 3 52. wherein the particulate apatite has a surface area of at 
least about 100 m /g. 

354. fNew^ A method as in claim 353. wherein the particulate apatite has a svirfac e area of at 
least about 150 m^/g. 

355. nSlew^ A method as in claim 329. further comprising the step of wet grinding the 
particulate apatite to from an apatite product. 

356. (New) A method as in claim 329. further comprising the step of ag ing the particulate 
apatite at a temperature of between about -25 ''C and about 100 °C. 

357. (TSIew) A method as in claim 356. wherein the temperature is between about 1 0 and 
about 50 ^C. 

358. (New) A method as in claim 357. wherein the temperature is about 20 ""C. 

359. (New) A method as in claim 329. further comprising aging the particulate apatite for at 
least about 1 minute. 

360. (New) A method as in claim 329. further comprising calcining the particula te apatite at a 
temperature of less than about 1000 ^C. 



361. 



(New) A method as in claim 329. further comprising sintering the particulate apatite at a 
temperature of no more than about 1200 for a period of time of no more than about 2 
hours. 
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362. (New) A method as in claim 36L wherein the sintering step occurs at a temperature of 
no more than about 1 100 °C for a period of time of no more than about 2 hours. 



363. (New) A method as in claim 362. wherein the sintering step occurs at a temperature of 
no more than about 1000 for a period of time of no more than about 2 hours. 



364. (New) A method as in claim 363. wherein the sintering step occurs at a temperature of 
no more than about 900 for a period of time of no more than about 2 hours. 



365. (New) A method as in claim 329. further comprising sintering the particulate apatite at 
least about 1000 for a period of time of at least about 2 hours while allowing phase 
decomposition of less than about 10%. 



366. (New) A method as in claim 365. wherein the temperature is of at least about 1 100 ^C. 



367. (New) A method as in claim 329. wherein the sintering step occurs in the absence of 
sintering aids. 



•'! ssir 
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368. (New) A method as in claim 329. wherein the particulate apatite has a dimension of at 
least about 0.5 cm. 



369. (New) A method as in claim 329. wherein the solution comprises, in suspension, an 
auxiliary structural additive. 



370. (New) The method of claim 369. wherein the article is a composite particulate apatite. 



371 . (New) The method of claim 369. wherein the article comprises particulate auxiliary 
structural additive. 



372. (New) A method as in claim 369. wherein the precipitating step comprises essentially 
simultaneously co-precipitating the apatite and an auxiliary structural additive. 
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373. flSfew) A method as in claim 369. further comprising, following precipitation of an 
auxiliary additive, precipitating the apatite from the solution. 

374. OJew) A composition, comprising: 

particulate apatite having an average particle size small enough that the 

composition can be sintered to a density of at least 98% at a temperature of less than 
about 1100 ^C. 

375. (New) The composition of claim 374. yyherein the temperature is less than about 1000 

376. (New") The composition of claim 374. wherein the particulate apatite can be sintered to 
form a densified apatite structure having a compressive strength of at least about 150 

MPa. 



377. (New) The composition of claim 374. wherein the particulate apatite can be sintered to 
form a densified apatite structure having a dimension of at least about 0.5 cm. 

378. (New) The composition of claim 374. wherein the particulate apatite can be sintered to 
form a densified apatite structure having an average XRD crystal size of less than about 
250 nm. 

379. (New) The composition of claim 374. wherein the particulate apatite can be sintered to 
form a densified apatite structure that xmdergoes phase decomposition of less than about 

10% when exposed to conditions of at least about 1300 for at least about 2 hours. 

380. flSfew) The composition of claim 374, wherein the particulate apatite can be sintered to 
form a densified apatite structure having a porosity of at least about 20%. 
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381. fNew) The composition of claim 374, wherein the particulate apatite has a surface area 
of at least about 40 m^/g. 

382. (NqvA a composition, comprising: 

particulate apatite having an average apatite crystal size of less than 100 nm and a 

surface area of at least about 40 m /g. 

383. (NcvA The composition of claim 382. wherein the particulate apatite undergoes phase 
decomposition of less than about 10% when exposed to conditions of at least about 1300 

for at least about 2 hours. 

384. (New) An article, comprising: 

a densified apatite structure having a porosity of greater than about 20%, wherein 

the densified apatite structure imdergoes phase decomposition of less than about 1 0% 
when exposed to conditions of at least about 1300 °C for at least about 2 hours. 

385. (New) The article of claim 384, wherein the densified apatite structure is a prosthesis. 

386. (New) The article of claim 384, wherein the densified apatite structure has a compressive 
strength of at least about 150 MPa. 

387. (New) The article of claim 384, wherein the densified apatite structure has an average 
XRD crystal size of less than about 250 imi. 

388. (New) The article of claim 384, wherein the densified apatite structure has a density of at 
least about 90%. 



389. flSlew) The article of claim 387. wherein the average XRD crystal size is less than about 
50 nm. 
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390. (New) A composition, comprising: 

particulate apatite having a surface area of at least about 60 m^/g. 

391 . (New) The composition of claim 390, wherein the particulate apatite is a composite. 

392. (New) The composition of claim 390. wherein the particulate apatite has an average 
particle size of less than about 1 ^im. 

393. (New) The composition of claim 390, wherein the particulate apatite undergoes phase 
decomposition of less than about 10% when exposed to conditions of at least about 1300 
°C for at least about 2 hours. 

394. (New) A method, comprising: 
providing a suspension: and 

coUoidallv pressing the suspension to form an apatite structure. 

395. (New) The method of claim 394, wherein the suspension is a sol. 

396. (New) The method of claim 394, wherein the suspension includes a polymer. 

397. (New) The method of claim 394, wherein the suspension includes a surfactant. 

398. (New) The method of claim 394, wherein the apatite structure is sintered. 

399. (New) The method of claim 394, wherein the apatite structure is a densified apatite 
structure. 

400. (New) The method of claim 394, wherein the densified apatite structure has a density of 
greater than about 90%. 
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40 1 . (New) The method of claim 394. wherein the apatite structure has a dimension of at least 

about 0.5 cm. 

402. OJew) The method of claim 394. wherein the apatite structure has a compressive 
strength of at least about 150 MPa. 

403. (New) The method of claim 394, wherein the apatite structure has a porosity of at least 
about 20%. 

404. (New) The method of claim 394. wherein the apatite structure undergoes phase 
decomposition of less than about 10% when exposed to conditions of at least about 1300 

X for at least about 2 hours. 



Q 405. (New) The method of claim 394. wherein the apatite structure has an average XRD 
p crystal size of less than about 250 nm. 

! " ^ 

i 3 

406. (New) The method of claim 394. wherein the apatite structure is a prosthesis. 

i\ 

I j: 

1"=^ 407. (New) The method of claim 394. further comprising sintering the apatite structure. 

! . 
{. 

i ( iiH>ipp 

i 

Ijff 408. (New) A method as in claim 407. wherein the sintering step occurs at a temperature of 

i e 3 
; -SSI 

no more than about 1300 "^C. 
409. (New) A method as in claim 408. wherein the temperature is no more than about 1200 



410. (New) A method as in claun 409. wherein the temperature is no more than about 1 100 

411. (New) A method as in claim 410. wherein the temperature is no more than about 1 000 
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412. (New) A method as in claim 41 L wherein the temperature is no more than about 900 ^C. 

413. (New) The method of claim 402. wherein the apatite structure has a compressive 
strength of at least about 500 MPa. 

414. (New) The method of claim 413. wherein the apatite structure has a compressive 
strength of at least about 700 MPa. 

415. (New) A method as in claim 407. wherein the apatite structure has undergone apatite 
decomposition of less than about 1 0%. 

416. (New) A method as in claim 415, wherein the apatite structure has undergone apatite 
decomposition of less than about 5%. 

417. (New) A method as in claim 416. wherein the apatite structure has undergone apatite 
decomposition of less than about 3%. 

418. (New) A composition, comprising: 

a densified apatite: and 

nanocrvstalline zirconia. 

419. (New) The composition of claim 418. wherein the composition has a compressive 
strength of at least about 150 MPa. 

420. (New) The composition of claim 418. wherein the composition has a porosity of at least 
about 20%. 

42 1 . (New) The composition of claim 418. wherein the composition undergoes phase 
decomposition of less than about 10% when exposed to conditions of at least about 1300 

for at least about 2 hours. 
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422. flvJew) The composition of claim 418. wherein the composition has an average XRD 
crystal size of less than about 250 nm. 

423. (Nqw) The composition of claim 418, wherein the composition has a surface area of at 
least about 40 m^/g. 

424. (New) The composition of claim 418. wherein the composition has a density of at least 
about 90%. 

425. (New) A method, comprising: 

providing a nanocrystalline apatite; and 

dispersing the nanocrystalline apatite in a zirconia suspension. 

426. (New) The method of claim 425, further comprising the step of precipitating particulate 
apatite from the suspension. 

427. (New) The method of clam 425, further comprising calcining the particulate apatite. 

428. (New) The method of clam 425, further comprising sintering the particulate apatite. 

429. (New) A method as in claim 427, wherein the calcining step occurs at a temperature of 
less than about lOOQ ^C. 

430. (New) A method as in clami 428, wherein the sintering step occurs at a temperature of 
less than about 1200 for a period of time of at least about 2 hours. 

43 1 . (New) The method of claim 426, wherein the particulate apatite has a compressive 
strength of at least about 150 MPa. 
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432. (New) The method of claim 426. wherein the particulate apatite has a porosity of at least 

about 20%. 

433. rNew) The method of claim 426, wherein the particulate apatite undergoes phase 
decomposition of less than about 10% when exposed to conditions of at least about 1000 
°C for at least about 2 hours. 

434. flSJew) The method of claim 426, wherein the particulate apatite has an average XRD 
crystal size of less than about 250 nm. 

435. (TMew) The method of claim 426, wherein the particulate apatite has a surface area of at 
least about 40 m /g. 

436. flSiew) The method of claim 426, wherein the particulate apatite is densified to at least 
about 90Vo. 

437. (New) A composition, comprising: 

nanocrystalline apatite: and 

nanocrystalline zirconia. 

438. (New) The composition of claim 437, wherein the composition has a compressive 
strength of at least about 150 MPa. 

439. (New) The composition of claim 437, wherein the composition has a porosity of at least 
about 20%. 

440. (New) The composition of claim 437, wherein the composition undergoes phase 
decomposition of less than about 1 0% when exposed to conditions of at least about 1 000 
°C for at least about 2 hours. 
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441 
tti . 


liNew ) 1 ne composiiion oi ciaim 4 J /. wnerein tiie composition nas an average XRD 




crystal size of less than about 250 rnn. 


449 


liNew ) me composiiion oi ciaim 4j /, wnerem tne composition nas a suriace area oi at 




least about 40 m /s. 


443. 


flSfew) The composition of ciaim 437. wherein the composition has a density of at least 




aDOUX y\) /o. 


444 


( IN ew ) A mexnou, comprising . 




providing a composition comprising zirconia and an apatite: and 




Sintering me composition to produce a material naving a density oi at least about 




98% wherein the apatite phase has undergone less than 10% decomposition. 


i : 

44^ 


(JNew) Ine metnoa or claim 444, wnerein the material has less than about 50% zircoma 


.JSC!. 

: ,?. 

'J CSir* 
i ■■ 


by volume. 


;s=i 440. 


(JNew) Ine metnoa oi claim 44d, wnerein the material has less than about 10% zircoma 


M 

■ wSi'i 


by volume. 


* 

44/. 


(JNew) 1 he method oi claim 444, wherein the material has an average XRD crystal size 




of less than about 32 nm. 


448 

1 I o • 


ii>c/w/ xiic iiiCLiiuu. vji ciaiiii wiiciciii uic xuaLciidi iido cui averdgc suTiace area oi 




greater than about 66.8 m^/g. 


449. 


flSfew) The method of claim 444, wherein the material has a compressive strength of at 



least about 745 MPa. 



450. rNfew) The method of claim 449, wherein the material has a compressive strength of at 
least about 1020 MPa. 
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451. (Nc-w) Th e method of claim 444> wherein the material has a dimension of at least about 

0.5 cm. 

452. (Now) The method of claim 444. wherein the sintering step occurs at a temperature of 
less than about 1300 ^C. 

453. CNq w) The method of claim 452. wherein the temperature is less than about 1200 ^C. 
454: (Now) The method of claim 453. wherein the temperature is less than about 1 100 

455. (New) The method of claim 444. further comprising the step of calcining the 
composition before the sintering step. 

456. (New) The method of claim 455. wherein the calcining step occurs at a temperature of at 
least about 550 ^C. 

457. (New) A method, comprising: 

providing a composition comprising zirconia and an apatite: and 

sintering the composition to produce a material that undergoes phase 

decomposition of less than about 10% when exposed to conditions of at least about 1300 
""C for at least about 2 hours. 

458. (New) A method as in claim 457. wherein the material has a compressive strength of at 

least about 745 MPa. 

459^ (New ) The method of claim 457. wherein the material has less than about 50% zirconia 

by volume. 



460^ (New) The method of claim 459. wherein the material has less than about 10% zirconia 

by volume. 
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461. 


nSTew) The method of claim 457. wherein the material has an average XRD crystal size 




of less than about 32 nm. 


462. 


(New) The method of claim 457. wherein the material has an averase surface area of 




greater than about 66.8 m /g. 


463. 


(New) The method of claim 458. wherein the material has a comnressive strength of at 




least about 1020 MPa. 


464. 


(Kew) The method of claim 457. wherein the material has a dimension of at least about 




0.5 cm. 


1 465. 


nSfew) The method of claim 457, wherein the sintering step occurs at a temnerature of 


JtEiif 
M *■ 


less Ulan aDOUt 1 JUU 


I 466. 


rNeW^ The method of claim 4(i^ wherein the temr^ersifnrf* ic ]f^cc fl-iar* ciV*i^n+ 1 OOO of^ 


ii 

=^ 467. 


(New) The method of claim 466. wherein the temDerature is less than about 1 100 °C. 


f! 468. 


(Nev/) The method of claim 457. further comprisine the step of calcining the zirconia 



before the sintermg step. 

469, (New) The method of claim 468. wherein the calcining step occurs at a temperature of at 

least about 550 ^C. 

470. (New) A methods comprising: 

providing zirconia and an apatite: and 

mixing the zirconia and the apatite to produce a homogeneous material. 
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471. (New) A method as in claim 470, wherein the zirconia has a crystal size of less than 
about 32 nm. 



472. (New) The method of claim 470, wherein the material has less than about 50% zirconia 
by volume. 



473. (New) The method of claim 472. wherein the material has less than about 10% zirconia 
by volume. 



474. (New) The method of claim 470, wherein the material has an average surface area of 
greater than about 66.8 m^/p. 



475. (New) The method of claim 470, wherein the material has a compressive strength of at 
least about 745 MPa. 



476. (New) The method of claim 475, wherein the material has a compressive strength of at 
least about 1020 MPa. 



477. (New) A method, comprising: 

providing a solution comprising zirconia particles and an apatite, wherein the 

zirconia particles are dispersed in solution: 

precipitating an apatite precipitant from the solution. 



478. (New) A method as in claim 477, wherein the material has an average XRD crystal size 
of less than about 250 nm. 



479. (New) A method as in claim 478, wherein the material has a crystal size of less than 
about 32 nm. 



480 (New) The method of claim 477, wherein the material has less than about 50% zirconia 



by volume 
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48 1 . rNew) The method of claim 480, wherein the material has less than about 1 0% zirconia 



by volume 



482. fNew) The method of claim 477. wherein the material has an average surface area of 
greater than about 66.8 m^/g. 

483. CNgw) The method of claim 477, wherein the material has a compressive strength of at 
least about 745 MPa. 

484. (New) The method of claim 483, wherein the material has a compressive strength of at 

least about 1020 MPa. 

485. (New) A method, comprising: 

providing a solution comprising zirconia particles and an apatite, wherein the 

zirconia particles are dispersed in solution: and 
aging the solution. 

486. (New) A method, comprising: 

providing a composite of zirconia and an apatite: and 

calcining the composite to produce a material having a surface area of at least 

about 66.8 m /g. 

487. (New) A method as in claim 486. wherein the material has a crvstal size of less than 
about 32 nm. 

488. (Ne w) The method of claim 486, wherein the material has less than about 50% zirconia 
bv volume. 



489. (Ne w) The method of claim 488. wherein the material has less than about 10% zirconia 
bv volume. 
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490. (New) The method of claim 486. wherein the material has a compressive strength of at 
least about 745 MPa. 



491. (TMew) The method of claim 490. wherein the material has a compressive strength of at 
least about 1020 MPa, 



492. (New) An article, comprising: 

a structure comprising zirconia and apatite, the structure formed from particles 

having an average XRD crystal size of less than about 250 nm. 



493. (New) The article of claim 492, wherein the structure is a homogenous mixture. 



J 494. (New) The article of claim 492. wherein the crystal size is less than about 32 nm. 



Mil* 

f 495. (New) The article of claim 492. wherein the structure has a compressive strength of at 
h least about 1 50 MPa. 



496. (New) The article of claim 492, wherein the structure has a porosity of at least about 
20%. 



497. (New) The article of claim 492. wherein the structure undergoes phase decomposition of 
less than about 1 0% when exposed to conditions of at least about 1000 for at least 
about 2 hours. 



498. (New) The article of claim 492. wherein the structure has a density of at least about 90%. 



499. (New) The article of claim 492. wherein the structure has a surface area of at least about 
66.8 m^g. 
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500. (New) An article, comprising: 

a structure comprising zirconia and apatite, the structure formed from particles 

having a surface area of at least about 66.8 m /g. 

501 . flSJew) The article of claim 500, wherein the structure is a homogenous mixture. 

502. (New) The article of claim 500, wherein the structure has a compressive strength of at 
least about 150 MPa. 

503. (New) The article of claim 500. wherein the structure has an average XRD crystal size of 
less than about 250 nm. 

]^ 504. (New) The article of claim 500, wherein the structure has a porosity of at least about 
□ 20%, 

* • 

P 

•iiiM 

•r- k 

505. (New) The article of claim 500, wherein the structure undergoes phase decomposition of 

■ tllMl" 

M' less than about 10% when exposed to conditions of at least about 1000 for at least 

'f 
t ■ 
■p I 

y'j about 2 hours. 

-i " 

:* "v^ 

i 

506. (New) The article of claim 500, wherein the structure has a density of at least about 90%. 

:• 

: s 
Bs? 

:'S ii 
i s s 

507. (New) A method, comprising co-precipitating zkconia and an apatite from a solution. 

508. (New) The method of claim 507, wherein the zirconia is nanocrvstalline. 

509. (New) The method of claim 507, wherein the apatite is nanocrvstalline. 

510. (New) A method, comprising: 

providing an apatite precipitate: and 

dispersing zirconia in the apatite precipitate. 
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511. (New) The method of claim 510. wherein the apatite precipitate is nanocrvstalline. 



512. (New) The method of claim 5 1 Q> wherein the zirconia is nanocrvstalline. 



513 (New) An article, comprising nanocrvstalline carbonated apatite. 



514. (New) The article of claim 513. wherein the carbonated apatite comprises Type A 
carbonated apatite. 



515. (New) The article of claim 513. wherein the carbonated apatite comprises Type B 
carbonated apatite. 



516. (New) The article of claim 513. wherein the nanocrystalline carbonated apatite has a 
3 compressiye strength of at least about 150 MPa. 

t 

0 517. (New) The article of claim 513. wherein the nanocrystalline carbonated apatite has an 

I* 

jj, average XRD crystal size of less than about 250 nm. 

<« 

518. (New) The article of claim 513. wherein the nanocrystalline carbonated apatite has a 

!■ 

wmv* 

^ porosity of at least about 20%. 

5 

W h 

B S 

1 IP 

Ml 

519. (New) The article of claim 513. wherein the nanocrystalline carbonated apatite has a 

surface area of at least about 40 m /g. 

520. (New) The article of claim 513. wherein the nanocrystalline carbonated apatite 
undergoes phase decomposition of less than about 10% when exposed to conditions of at 
least about 1000 for at least about 2 hours. 



521. 



(New) An method, comprising: 

providing a calcium salt and a phosphate salt: and 
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reacting CO? with the calcitim salt and the phosphate salt to produce a 

nanocrvstalline carbonated apatite, 

522. (New) An method, comprising: 
providing a calcium salt: and 

reacting CO? with the salt to produce a nanocrvstalline carbonated apatite. 

523. (New) The method of claim 522. wherein the carbonated apatite has a compressive 
strength of at least about 150 MPa. 

524. (New) The method of claim 522. wherein the carbonated apatite has a porosity of at least 

about 20%. 

525. (New) The method of claim 522. wherein the carbonated apatite undergoes phase 
demethod of less than about 10% when exposed to conditions of at least about 1000 
for at least about 2 hours. 

526. (New) The method of claim 522, wherein the carbonated apatite has an average XRD 
crystal size of less than about 250 nm. 

527. (New) The method of claim 522, wherein the carbonated apatite has a surface area of at 
least about 40 m /g. 

528. (New) The method of claim 522, wherein the carbonated apatite has a density of at least 
about 90%. 

529. (New) A method, comprising: 

providing a calcium salt and a phosphate salt: and 

reacting NH^HCQ^ with the calcium salt and the phosphate salt to produce a 

nanocrvstalline carbonated apatite. 



Serial No. Not Yet Assigned 



51 



Attorney Docket No. M0925/71 10 



530. (New) A method, comprising: 

providing a calcium salt: and 

reacting NH^HCO^ with the salt to produce a nanocrvstalline carbonated apatite. 

531. (New) The method of claim 530. wherein the carbonated apatite has a compressive 
strength of at least about 150 MPa. 

532. (New) The method of claim 530. wherein the carbonated apatite has a porosity of at least 
about 20%. 

533. (New) The method of claim 530. wherein the carbonated apatite undergoes phase 
demethod of less than about 10% when exposed to conditions of at least about 1000 
for at least about 2 hours. 

534. (New) The method of claim 530. wherein the carbonated apatite has an average XRD 
crystal size of less than about 250 nm. 

535. (New) The method of claim 530. wherein the carbonated apatite has a surface area of at 
least about 40 m /g. 

536. (New) The method of claim 530. wherein the carbonated apatite has a density of at least 
about 90%. 

537. (New) A composition, comprising: 

carbonated apatite having a surface area of at least 40 m^/g and an average XRD 

crystal size of less than about 250 nm. 

538. (New) The composition of claim 537. wherein the carbonated apatite has a compressive 
strength of at least about 150 MPa. 



.^.^^—p ,.1 . t^-i mil ■■■Ml n»,i itHWlgl 
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539. (Nqw) The composition of claim 537. wherein the carbonated apatite has a porosity of at 
least about 20%. 

540. (New) The composition of claim 537, wherein the carbonated apatite undergoes phase 
decomposition of less than about 10% when exposed to conditions of at least about 1000 

for at least about 2 hours. 

541. (New) A method, comprising: 

providing a composition comprising apatite particles having a dimension of less 

than about 1 ^im and crystal size of less than about 1 ^im: and 

sintering the composition to form a densified apatite structure having an average 

XRD crystal size of less than about 250 nm. a density of at least about 98%. and a 
compressive strength of at least about 500 MPa. wherein the densified apatite structure 
i'S undergoes apatite phase decomposition of less than about 10% when exposed to 

"H conditions of at least about 1300 for at least about 2 hours. 

ss? ■ - -■ ' " — 

' t tr^Hi 

I; J 542. (New) A composition, comprising particulate apatite having an average apatite crystal 

size of less than 100 nm and a surface area greater 60 m /g. 

I ^ MMl 
i •! 

{ M 

n" 543. (New) The composition of claim 542 comprising particulate apatite having an average 
p apatite crystal size of less than 50 nm. 

'.;it 

.< IV M 

i f«MM* 
, aim 

544. (New) The composition of claim 543 comprising particulate apatite having an average 
apatite crystal size of less than 30 nm. 

545. (New) The composition of claim 544 comprising particulate apatite having an average 
apatite crystal size of less than 20 nm. 

546. (New) A composition as in claim 542 wherein the particulate apatite is densified. 
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^ — (New) The composition of claim 542 comprising apatite having an average p article si 
of less than 1 am. 



size 



548. (New) The composition of claim 54 7 comprising apatite having an average particle size 
of less than 0.5 fj.m. 



549. (New) The compositio n of claim 548 comprising apatite having an averag e particle size 
of less than 0.25 M-m. 



550. (New) The composition of claim 542 c omprising p a rticulate anatite having a surface area 
ofat least 100 m^/g. 



55L — (New) The composition of claim 550 comprising particulate apatite having a surface area 
of at least 150m^/g. 



552. (New) The compositio n of claim 542 that undergoes apatite phase decomposition of le ss 
than 10% when exposed to conditions of at least 1 000 °C for at \easit 2 hours. 



553, — (New) The composition of claim 5 52 that undergoes apatite phase decomposition of less 
than 5% when exp osed to conditions of at least 1000 °C for at least 2 hours. 

^ — (New) The composition of claim 553 that undergoes apatite phase decompo.sition of less 
than 3% when exposed to conditions of at least 1000 °C for at least 2 hours. 



551 — (New) The composition of clarni 552 that undergoes apatite phase decomposition of less 
than 10% when exposed to conditions of at least 1 1 00 °C for at least 2 hours 



iiin ■ I— inrntw 
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^^'7- CNew) The composition of claim 556 that undergoes apatite phase decompositinn nf less 
than 3% when exposed to conditions of at least 1 100 °C for at least 2 hmirs 



^ — (New) The composition o f claim 552 that undergoes apatite phase decomposition of less 
than 10% when exposed to conditions of at least 1200 °C for at least 2 hours 

^ — (New) The composition of claim 558 that undergoes apatite phase decomposition of less 



than 5% when exposed to conditions of at least 1 200 °C for at least ? hours 



560. (New) The composition of clahn 559 t hat undergoes apatite phase decomposition of less 
than 3% when exposed to conditions of at least 1 200 °C for at least 2 hours. 



561. (New) The compositio n of claim 552 that undergoes apatite phase decomposition of le ss 
than 10% when exposed to conditions of at least 1300 °C for at least 2 hours. 



j - 
zasr 
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562. (New) The compositio n of claim 561 that undergoes apatite phase decompnsitm n nf less 
than 5% when exposed to conditions of at least 1300 °C for at lea.st 2 hours. 



— (New) The composition of claim 562 that undergoes apatite phase decomposition of less 
than 3% when exposed to conditions of at least 1 300 °C for at least 2 hours. 



564^ — (New) An article having a dimension of at least 0.5 cm made up of the composition of 
claim 542. 



565, — (New) The article of claim 564 wherein the particulate apatite is consolidated. 



566: — (New) The article of claim 564. formed into the shape of a prosthesis 



567, (New) The article of claim 564 that is a prosthesis. 



568: — (New) The article of cl aim 564 comprising an exterior coating on a prosthesis 
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569: — (New) The article of cl aim 568 comprising an exterior coating, on a prosthesis, of at least 
0.5 um in thickness. 



570^ (New) The article of claim 564 having a density of at least 90%. 



57L (New) The article of claim 570 having a density of at least 95%. 



572, (New) The article of claim 571 having a density of at least 98%. 



571 (New) The article of claim 564 having a porosity of at least 20%. 



574, (New) The article of claim 573 having a porositv of at least 30%. 



575: (New) The article of claim 574 having a porositv of at least 50%. 



576: (New) The article of claim 575 having a porositv of at least 75%. 



52Z — (New) The article of claim 564 having compressive strength of at least about 150 MPa. 



53 — (New) The article of cl aim 577 having compressive strength of at least about 500 MPa. 

s s 

t — H 

522: — (New) The article of cl aim 578 having compressive strength of at least about 700 MPa. 
580, (New) The article of claim 564 that is a part of a prosthesis. 
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REMARKS 

The present application is an application for reissue of U.S. Patent No. 6,013,591, granted 
on January 11, 2000. Claims 1-44 in the present application (filed herewith) are identical to 
claims 1-44 of U.S. Patent No. 6,013,591. New claims 45-580 are being added with this 
prelimmary amendment. No new matter has been added. Claims 1 -580 are now pending in the 
present application. 

CONCLUSION 

A favorable first Office Action is respectfiilly requested. 

If, for any reason, the Examiner is of the opinion that a telephone conversation with 
Applicants' representative would expedite prosecution, the Examiner is kindly invited to contact 
the undersigned at (617) 720-3500. 

Please charge any fee or fee deficiency occasioned by this amendment to Deposit 
Account No. 23/2825. 

Respectfiilly submitted 

Jackie Y. Ying et aL, Applicants 
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